Efforts to compile and standardize human exposure factors have resulted in the development of a variety of resources available to the scientific community. For example, the US Environmental Protection Agency (EPA) developed the Exposure Factors Handbook and Child-specific Exposure Factors Handbook to promote consistency among its various exposure-assessment activities. The US EPA handbooks are compilations of human exposure factors data, including anthropometric and sociocultural data (e.g., body weights, skin-surface areas, and life expectancy), behavioral data (e.g., non-dietary ingestion rates, activity/time use patterns, and consumer product use), factors that may be influenced by the physiological needs of the body, metabolic activity, and health and weight status (e.g., water and food intake, and inhalation rates), and other factors (e.g., building characteristics). Other countries have engaged in similar efforts to compile and standardize exposure factors for use in exposure and risk assessments. For example, the ExpoFacts database contains data for 30 European Union countries. Australia, Canada, Japan, Korea, and Taiwan have developed, or are developing, documents that provide exposure factors data relevant to their populations. The purpose of this paper is to provide an overview of some of the available exposure factors resources; to explore some of the similarities and differences between the US EPA Exposure Factors Handbook and selected other international resources, and to highlight data gaps and present some considerations for promoting consistency among these resources.
INTRODUCTION
Exposure factors are generally defined as factors related to human behavior and characteristics that help determine an individual's exposure to an agent. 1 They are needed in conducting virtually all exposure and risk assessments. World-wide, country-specific exposure factors information is very limited. Consequently, some countries outside the North America and Europe use US or European exposure factors data in performing local risk assessments. However, a variety of social, demographic, racial, and climatic or geographical characteristics can influence these factors, resulting in differences among countries. Some exposure factors are dynamic, as demographic, lifestyle, technological, and climatic factors change over time.
Efforts to compile and standardize exposure factors have resulted in the development of a variety of resources available to the scientific community. For example, the United States Environmental Protection Agency (EPA) first developed the Exposure Factors Handbook in 1989, and expanded and republished it in 1997 and again in 2011. 1, 2 The EPA published the Child-specific Exposure Factors Handbook in 2008 in response to the need to characterize exposure to children as a potentially susceptible population. Data in the Child-specific Exposure Factors Handbook have been updated and incorporated into the Exposure Factors Handbook: 2011 Edition. [1] [2] [3] The European Union (EU) developed the ExpoFacts database that contains data from 30 European countries: Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the Netherlands, Norway, Poland, Portugal, Romania, the Slovak Republic, Slovenia, Spain, Sweden, Switzerland, and United Kingdom. 4 Australia, Canada, Japan, Korea (South), Taiwan, and other countries have also developed, or are in the process of developing, exposure factors resources that provide data specific to their populations. [5] [6] [7] [8] [9] Australia has developed draft exposure factors guidance that is currently available for comment. 9 Canada published a compendium of exposure factors data in 1997. 5 The data provided in that resource are somewhat dated and are currently being revised and updated (email between Jacqueline Moya, US EPA, and G. Mark Richardson, Stantec, on 13 August 2012). Japan and Korea have developed exposure factors resources and provided summary data in English. Taiwan's Bureau of Health Protection (BHP) is currently working to develop a Taiwan Childspecific Exposure Factors Handbook. 10 Except for some limited unpublished preliminary results provided by Taiwan's BHP, data from this resource are not yet available for the purpose of comparing with other exposure factors resources in this article. exposure factors may be similar across most international populations (e.g., total water intake) because of their relationship to physiological requirements of the human body, others (e.g., time-activity patterns, food preferences, and intake rates) may differ because they are influenced by dissimilar geographical, cultural, or social factors. Often, body weight, height, and timeactivity rates that vary either by culture, race, or ethnicity can in turn influence metabolic factors (e.g., energy expenditure and inhalation rates). In addition, life-stage-dependent factors (e.g., hand-to-mouth contact frequencies) depend heavily on pediatric developmental stages of children longitudinally, and in some situations vary across population groups.
METHODS
A literature search was conducted to identify resources that provide exposure factors data similar to that provided in the EPA Exposure Factors Handbook: 2011 Edition.
1 In addition to the EPA Exposure Factors Handbook: 2011 Edition, four international resources were identified and reviewed (Table 1) . Each resource was reviewed to determine the exposure factor topics covered ( Table 2 ). The ExpoFacts database was further reviewed to determine which of the 30 countries included in the database provided data for the various factors ( Table 3 ). The resources were also evaluated to determine how other data elements were handled (e.g., age groups, statistical measures, data sources, uncertainty, and confidence levels). It should be noted that the original underlying reference sources used to develop the resources included here may provide additional detail for some of the exposure factor categories (e.g., time-activity patterns). There may also be additional sources of exposure factors data for the countries/ regions listed in Table 1 . However, this paper only compares data provided in the exposure factors resources shown in Table 1 .
Although other exposure factors resources are also available (e.g., France, Germany, and the Netherlands), these data are not available in English and were not considered here. Data for these countries are available in the ExpoFacts database. Exposure factors resources for other countries (e.g., Taiwan and Canada) are currently under development or are under revision and may be available in the future.
Australian Exposure Factors Guidance
A draft Australian Exposure Factors Guidance document is available for comment at: http://www.health.gov.au/internet/main/publishing. nsf/Content/FAC004DCE7F63EF1CA25784000206980/$File/AEFG.pdf. 9 The document provides documentation and data summaries for anatomical and physiological parameters (e.g., height, body weight, and life expectancy), dermal factors (e.g., skin-surface area, soil adherence, frequency, and duration of swimming and bathing), ingestion factors (e.g., oral bioavailability, dietary intake, etc.), soil ingestion, inhalation, building parameters, and activity patterns. Data are provided for both adults and children, and distributions are presented when available. Contaminant-specific data are provided for some exposure factors (e.g., dermal bioavailability and human milk). Weights of organs and tissues obtained from the International Commission of Radiological Protection (ICRP) data are also reported. US data are sometimes used when Australian data are not available (e.g., skin-surface area), but use of Australian data is preferred. According to the draft document, ''Australian exposure factors information has been sought and juxtaposed with overseas data to allow an appreciation of the fact that not all overseas data reflect sectors of the current Australian population.''
European ExpoFacts Database
The ExpoFacts database was developed by the EU and is a publically available online source of exposure factors information for 30 EU countries, including Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the Netherlands, Norway, Poland, Portugal, Romania, the Slovak Republic, Slovenia, Spain, Sweden, Switzerland, and United Kingdom. 4 It is a compilation of data on food intake, timeactivity patterns, physiology, housing, and demographic parameters from over 120 sources. 15 Where possible, data from international organizations such as the World Health Organization (WHO), International Labor Organization, Food and Agriculture Organization, and the United Nations Economic Commission for Europe were used in the ExpoFacts database to maximize comparability across countries. 15 Data from a variety of other sources, including reports from national studies and journal articles were also included. 15, 17 ExpoFacts includes an online database, documentation, and reference library. 13, 14, 17 Data for both adults and children are provided in the database, but data are not available for all factors for all 30 countries (see Table 3 ). For example, inhalation rates are only available from one study in Italy that provided respiratory data for children under 3 years of age. Also, the data are provided in the form that they were presented in the original reports; 15 therefore, data are not available for a consistent set of age groups, and statistical measures (e.g., distributions, means, etc.). However, ExpoFacts provides a comprehensive, freely accessible source of available data for EU countries.
Japanese Exposure Factors Handbook
Gamo and Futatsumata 6 reported on the development of the Japanese Exposure Factors Handbook. Data were collected from published scientific literature, and values representative of the Japanese population were selected based on the following criteria: ''new data, large sample size, nationwide survey, and randomized sampling strategy.'' Data are available for food intake, intake of other items (e.g., cigarette smoke, breast milk, and soil), time-activity patterns, physiological factors (e.g., body weight, life expectancy, body surface area, and inhalation rates), and housing characteristics. Information on inter-individual variability is also provided. 6 Although this resource is currently written in Japanese, a summary table in English is available on the internet at: http://unit.aist.go.jp/riss/crm/ exposurefactors/english_summary.html. 16 The summary data appear to represent recommended values for adults (except for those pertaining to human milk intake and time elementary school children spend at home). Distributional data are not provided in the summary 1,2 Its purpose is to ''(1) summarize data on human behavioral and physiological characteristics that affect exposure to environmental contaminants and (2) provide exposure/risk assessors with recommended values for these factors that can be used to assess exposure among both adults and children''. 1 The Exposure Factors Handbook: 2011 Edition provides a comprehensive compilation of exposure factors data with detailed summaries of the data sources used, recommended values, and confidence ratings for those values. The data are organized into 19 chapters covering the following topics: (1) introduction and overview, (2) uncertainty and variability, (3) ingestion of water and other selected liquids, (4) non-dietary ingestion factors, (5) ingestion of soil and dust, (6) inhalation rates, (7) dermal factors, (8) body weight, (9) intake of fruits and vegetables, (10) intake of fish and shellfish, (11) intake of meat, dairy products, and fats, (12) intake of grain products, (13) intake of homeproduced food, (14) total food intake, (15) human milk intake, (16) timeactivity factors, (17) consumer products, (18) lifetime, and (19) building characteristics. In each chapter, information is provided on the key studies used to develop recommendations. Relevant studies are also summarized to provide additional context for the exposure factors data in the handbook. The uncertainties and limitations associated with each of the studies are presented, and data are provided in tables, as appropriate. Each chapter provides a complete listing of the literature cited. Chapters of the current version of the handbook are available on EPA's website in pdf format (http://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=236252). In the future, EPA anticipates providing data tables in downloadable Excel spreadsheet format, reference sources, and other related links via an online exposure-assessment toolbox.
Selection of studies for the Handbook and development of confidence ratings were based on five general assessments factors: ''(1) soundness, (2) applicability and utility, (3) clarity and completeness, (4) uncertainty and variability, and (5) evaluation and review''. 1, 19 Data are provided for adults and children, with children's data presented according to the standardized age groups recommended in EPA's Guidance on Selecting Age Groups for Monitoring and Assessing Childhood Exposures to Environmental Contaminants. 20 Mean values from the Exposure Factors Handbook: 2011 Edition are presented in this paper for the purposes of comparison with other resources, but distributional data and data categorized by sex, age, and other demographics are also provided, where available, in the Exposure Factors Handbook: 2011 Edition. The presentation of mean values is not meant to imply that this is the appropriate metric to use in an exposure modeling exercise. When estimating exposure or dose, exposure factor data that best match the exposure scenario and population of interest should be selected. Distributional data provide an indication of the variability across populations and may be suitable for the purposes of modeling. Sophisticated longitudinal time-series models (e.g., Stochastic Human Exposure and Dose Simulation model or Air Pollutants Exposure Water ingestion
Inhalation rates
Organ weights/tissue volumes Note: ''x'' indicates that some data are available for that exposure factor for that country; it does not indicate that data are available for all ages or population groups. ''-'' indicates no data. Exposure factors resources Phillips and Moya model) use intakes associated with specific activities for finite periods of time. 21, 22 The types of distributional data that can be used as input to these models are provided in the Handbook, where available, but other sources of data may also be needed for this type of modeling.
Data Compilation and Review
To contrast and compare EPA's Exposure Factors Handbook: 2011 Edition with exposure factors data compiled by other countries, data for key factors common to all five resources were tabulated. Recommended values for adults from the US, Australian, Japanese, and Korean handbooks were used. For Europe, ranges of values were tabulated based on data from the countries for which exposure factors information was available in ExpoFacts. It should be noted that the data from the various resources were collected using different survey methodologies and may represent different degrees of representativeness, age groupings, unique populationspecific characteristics, number of observations or statistical measures, or data quality. Although these considerations make direct comparisons by age group or population groups difficult, some general observations were made using data for the adult age groups for all common exposure factors except soil and dust ingestion where data for children were tabulated and compared.
RESULTS

Availability of Exposure Factors by Resource
Comparison of the exposure factors included in all five exposure factors resources revealed that six factors were common to all of the resources. These included: drinking water intake, food intake, body weight, skin-surface area, life expectancy, and time-activity factors. Some resources included factors not included by others. For example, only the Australian Exposure Factors Guidance provided information on bioavailability, organ weights, and tissue volumes. Only ExpoFacts included data on energy expenditures, intake of dietary supplements, and population-specific data (e.g., percentage of the population drinking bottled water, filtered water, or well water). Unique exposure factors data from Japan included chemical specific information (i.e., exposure concentrations and body burden data). Table 2 provides a listing of exposures factors provided in each of the five resources.
The data for EU countries are based on data from the ExpoFacts database. Table 3 provides a listing of the exposure factors included in the ExpoFacts database, by country. Life expectancy is the only factor for which data are available for all 30 EU countries included in the database. Other factors that are frequently reported include water and food ingestion, body weight, timeactivity patterns, building characteristics, and population data. The countries providing data for the most factors include: Bulgaria, Czech Republic, Estonia, Finland, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, the Netherlands, Sweden, and United Kingdom. Although data for some factors may be available for more than one country, some of the data sources and survey methodologies used to collect the data differed across the EU countries. Therefore, the data may represent different age groups or other population characteristics. Also, the numbers of observations, statistical measures, additional data elements, and uncertainties may differ between countries. Therefore, comparison of data across EU countries may not always be feasible. Table 4 provides a comparison of some of the exposure factor values provided within the five resources. Although comparisons across countries should be made with caution because of the potential differences in methodologies used to collect the data, some general observations can be made.
Comparison of Recommended Values
Among the exposure factors that relate to physiological needs of the body (i.e., total water intake, daily breathing rates, and human milk intake), Table 4 shows that daily inhalation rates and human milk intake rates do not vary greatly across the selected resources. However, there are differences with regard to water intake ( Table 4 ) that may be due in part to how drinking water intake was defined. For example, the US drinking water data account for tap water that is consumed directly as well as tap water used in the preparation of foods and beverages. It is not clear if other countries account for this type of indirect water ingestion. As another example, water intake for Ireland may have included the consumption of other beverages. The data in Table 4 are intended to represent the direct (i.e., water consumed as a beverage) and indirect (i.e., water added in the preparation of food and beverages) consumption of water and not total water intake, which may include the consumption of water from other sources (e.g., bottled water). There may also be differences in the survey methodologies used to collect and analyze the data. Drinking water intake rates may be different from total water intake that would account for all of the water needed on a daily basis to support the body's functions (e.g., drinking water intake plus water in commercially produced beverages or water intrinsic to foods). Both drinking water intake rates and inhalation rates may be influenced by metabolic activity, body weight, health status, and other factors.
Anthropometric factors include skin-surface area and body weight. These two exposure factors are highly correlated. 23 As noted in Table 4 , mean total skin-surface area is similar for USA, Australia, and Europe and somewhat lower for Japan and Korea. This is expected because Japanese and Koreans also have lower body weights when compared with USA, Australia, and EU countries (i.e., lower body-weight individuals would be expected to have lower skin-surface areas because of the correlation between these factors). Differences in body weights from EU countries are shown in Figure 1 . The average body weights for US females and males are 73 kg and 86 kg, respectively, compared with 67 kg and 80 kg for European females and males, respectively. Women were found to live longer than men for all countries, and overall lifetime values ranged from 64 years for Latvian males to 85 years for Japanese women (Figure 2) .
Exposure factors that relate to behaviors may be more likely to differ among countries. These differences may be due to factors as follows: geography, climate, culture, lifestyle, socioeconomic factors, and food availability and dietary choices. Food intake could be influenced by these and other factors such as activity level, metabolic processes, health and weight status, age, and sex. Table 4 shows that the consumption of total vegetables in Korea is 2.5 times greater than in the United States, total fish and shellfish consumption in Japan and Korea is seven times greater than in the United States, and total dairy intake in the United States is approximately two times higher than in Korea. Although some of these differences may be a result of cultural or anthropometric influences, direct comparisons of food intake data are difficult because of differences in survey methodologies across countries. This is particularly apparent with regard to the EU food intake data (see Table 5 ). Table 5 provides a summary of food intake data for adults from the EU countries in the ExpoFacts database. The summary represents data from a variety of studies that used different age and population groupings, food categories, and statistical measures, and are therefore not directly comparable, but provide a general range of intake for EU countries. Table 4 shows that the time spent indoors is very similar across countries because of the large amount of time spent indoors at home. Although there appear to be differences with regard to the time spent outdoors, these may be because of incomplete recordings of outdoor activities. It is important to note that although the time spent indoors may be similar, this may not result in similar exposures because of potential differences in living conditions, building characteristics, and the individual's indoor behavior and activities. Time spent swimming varied widely with values ranging from 21 min/month (Korea) to 900 min/ month (Australia). However, these differences may be, at least in part, a function of differing methodologies used to collect the data. For example, the Australian Exposure Factors Guidance assumed that all outdoor sports activity pertained to swimming. 9 Time spent in various other activities (e.g., gardening, jogging, going to school, etc.) not tabulated here may also reflect differences based on culture, geography, or other factors.
Some differences in residential building characteristics were small (i.e., air exchange rates), whereas others differed markedly (i.e., floor space). Seasonal, building stock, and climatic differences both within and among the countries may influence both shortand long-term average air exchange rates. Air exchanges rates ranged from 0.4/h to 0.6/h for the five exposure factors resources, 14 USA, 1 Australia, 9 and Japan. 6 while floor space ranged from 92.5 m 2 for Japan to 201 m 2 for the United States. However, even the B50% difference in air exchange rates may be an important driver of increased infiltration of ambient pollutants indoors for most outdoor pollutants.
Comparison of European Data
The data presented in Table 4 for Europe represent ranges of values from the EU countries in the ExpoFacts database for which data were available. An example of ExpoFacts data provided for all 30 countries is the data on life expectancy. These data were derived from the WHO Life Tables,  17 which are also available from WHOSIS. 24 Data are available for males and females for all 30 EU countries and represent life expectancy at birth. Figure 2 14 compared with Australia, Japan, and USA. National data are provided in ExpoFacts for body weights for various EU countries. These data were derived from a variety of studies, and stratified by age and sex. 14, 17 For the purposes of comparing data among countries, adult body weights for 12 countries (Bulgaria, Czech Republic, Estonia, Finland, Germany, Hungary, Ireland, Italy, Latvia, Lithuania, Sweden, and Switzerland) for which similar age ranges were available were tabulated by age and sex. Figure 1 illustrates the adult body weight data for 12 countries by age and sex. As reported in the ExpoFacts database and documentation, 14, 17 these data were taken from various resources. [25] [26] [27] [28] [29] [30] [31] [32] A wide range of values were observed particularly with regard to food consumption. Table 5 provides a summary of food intake data for the data sources provided in the ExpoFacts database. Because data were not collected in the same manner for all countries, data for certain food groups could not easily be compared and had to be aggregated for the purpose of comparison. For example, ''total vegetables'' is defined as vegetables plus potatoes for Germany, but for Ireland ''total vegetables'' represent the sum of seven categories of vegetables and three categories of potatoes. For Germany, ages 18-79 years are represented, and for Ireland, ages 18-64 years are represented. Additional details are provided in the footnotes on Table 5 . Based on this summary in Table 5 , the lowest fish intake rate (7 g/day) was for Bulgaria and the highest was for northern Spain (85 g/day). Meat intake was lowest for Greece (79 g/day) and highest for Finland (216 g/day). However, as indicated above, these data are not directly comparable because they are based on studies that may have used different data-collection techniques.
We also reviewed data from Rohrmann et al. 33 because, in contrast to the information presented in Table 5 , these data were collected using a consistent methodology and definition for the various food groups. Thus, comparisons among the European countries that participated in the study could be made with less uncertainty. These data are available in the ExpoFacts database, but represent cooked meat and fish only. Rohrmann et al. 33 published the results of the European Prospective Investigation into Cancer and Nutrition study. Ten EU countries participated in the study (see Table 6 ). The purpose of the study was to estimate mean daily intake of fish and meat prepared by different cooking methods. A standardized 24-h recall survey was administered to 35,644 individuals 35-75 years old. The respondents were not a representative sample of the participating countries, and for various reasons not specified by Rohrmann et al. 33 , males were not included in the surveys in Northern France, Italy (Naples), and Norway. Information about the individuals' usual food habits and lifestyle was collected. For some countries, data were divided into regions because of differences in meat-and fish-cooking habits. For the purposes of comparing data from the countries included in the study, mean fish and meat intakes by various cooking methods were summed to estimate the total mean intakes of fish Table 5 . European Union mean food intake values for adults from ExpoFacts (g/day). 33 d
Total vegetables include vegetables þ potatoes; per capita; ages 19-50 þ years. e Total vegetables include vegetables þ potatoes; total meats include meat dishes þ offals þ poultry; not nationally representative; per capita; ages 25-64 years. f Total vegetables include vegetables þ potatoes þ pulses; total meats include meats þ poultry and game; total dairy includes milk þ cheese þ dairy desserts; total grains include breads þ biscuits þ croissants þ pasta þ pastry and cake þ pizzas þ rice; per capita; ages 15-65 þ years.
g Average of median values; total vegetables include vegetables þ potatoes; total meats include meat þ poultry; total grains include bread þ grain þ cakes; per capita; ages 18-79 years.
h Based on data for cooked meat and fish only from Rohrmann et al. 33 See Table 6. i Total vegetables include vegetables þ two categories of potatoes; total dairy includes milk and milk products; total grains include bread þ cereal þ cakes þ pasta þ pizza; per capita; ages 20-80 years.
j Total vegetables include seven categories of vegetables þ three categories of potatoes; total fruits include five categories of fruit; total meats include 13 categories of meats; total dairy includes seven categories of milk and products; total grains include three categories of breads and six categories of cereals; total fish includes two categories of fish; per capita; ages 18-64 years. k Total vegetables include six vegetable categories þ potatoes; total fruits include three fruit categories; total meats include beef þ ham þ horse þ lamb þ preserved meats þ offals þ pork þ poultry þ rabbit; total dairy includes cheese þ cream þ milk þ yoghurt; total grain includes eight grain categories; total fish includes two fish categories; per capita; ages 18-64 þ years.
l Total vegetables include vegetables þ potatoes þ pulses; total dairy includes milk and milk products þ cheese; total grains include bread þ cereal and cereal products þ pastry, cakes, and biscuits; per capita; ages 19-65 þ years.
m Database values provided in units of g/7 days divided by 7 here. Total vegetables include 11 vegetable product categories þ 5 potato product categories; total fruits include seven fruit categories; total meats include 11 meat categories; total dairy includes five milk categories þ two cheese categories þ four dairy dessert categories; total grains include four bread categories þ nine cereal categories; total fish includes four categories of fish products; per capita; ages 19-64 years.
n Total vegetables include vegetables þ potatoes; total meats include meats þ offals; total dairy includes milk products þ cheese; total grains include bread þ buns þ cereal þ rice þ pasta þ pizza þ pancakes þ porridge; per capita; ages 18-74 years.
and meat (Table 6, Figure 3) . Consumption of fish is consistently less than the consumption of meat in all countries that participated in the study. Wide ranges of fish and meat intake were observed for the 10 countries. Consumption of fish was the lowest in Germany with an average of 16 g/day and the highest in northern Spain with an average of 85 g/day, likely because of greater access to oceans and fishing resources in Spain compared with Germany. Consumption of meat was the lowest in southern France and the highest in northern Spain with 75 g/day and 133 g/day, respectively. The results obtained by Rohrmann et al. 33 on the consumption of fish and meat are similar to the results presented in Table 5 , which, except for Greece, Norway, and Spain, are based on dissimilar methodologies and definitions. This observation provides some degree of confidence that comparisons across countries based on the aggregation of dissimilar data are somewhat reasonable.
DISCUSSION
Exposure factors data are collected for a variety of purposes, and not necessarily to support exposure/risk assessments. Thus, data are not collected or presented in a consistent fashion. This makes detailed comparisons across countries difficult. Differences in exposure factors values can be a result of actual differences in behavior, demographic characteristics, differences in study methodologies, other factors that cannot be easily considered, or a combination of these. Despite methodological differences among the studies, some differences can be intuitively explained based on our knowledge about culture or geographical location. For instance, higher fish-consumption rates are typically observed in Asian populations (Table 4) . Geographical location may be a factor explaining why meat intake in northern Spain and Germany are the highest among the EU countries studied (Table 6) .
When attempting to make comparisons on exposure factors across countries, it is important to consider the study methodology elements, including sample-collection period, recall time, sample size, and representativeness of the study population, because these and other elements have a significant role in study results and interpretation. Food consumption is influenced by culture and may vary from country to country, but observed differences in food intake rates may also reflect differences in study methodologies. For instance, food intake differences are observed when food categories (e.g., total meats) vary, when the sample population includes both consumers and nonconsumers, and by the length of the recall period (e.g., few days, a month, and a year).
The resources presented here show global efforts to collect and consolidate exposure factors data. When data are limited or lacking, exposure assessors often substitute data for other populations as surrogates in their exposure assessments (e.g., using either the US or the European data). These exposure factors data may be convenient when study populations or geographical locations are similar. Therefore, data from one country may be applicable to another country. For example, Australia relies on data from the ICRP, the WHO, Health Canada, and the United States to derive a recommendation for inhalation rates for the Australian population. Mouthing behavior is a normal part of a child's development. However, child-rearing practices and cultural differences may result in variability in such data. Other factors, such as soil to skin adherence factors, are a function of the skin characteristics (e.g., oil/sweat excretion), soil properties, and activities. Similar activities are expected to result in similar soiladherence factors. Thus, data collected by one country may be applicable to other countries, even though differences in soil moisture or snow cover can complicate the locally relevant mechanistic particle adhesion processes. Also, these factors are areas where international collaboration for research can be beneficial to increase the data pool and leverage-limited resources.
The review of the available exposure factors resources has highlighted common areas where data are limited. It should be noted that the exposure factors resources for Japan and Korea could not be thoroughly evaluated because only the summary information was available in English. Most countries recognize that there is variability with regard to sex and life stage, and they collect and present data for both males and females and for various age groups. Inter-individual variability is characterized by presenting various statistical measures (e.g., mean, median, and 95 th percentile). Statistical distributions were presented where available. However, there is no consistency with regard to the age groups or statistical measures used to quantify variability in the data. These inconsistencies may be driven, in many cases, by data availability as well as differences in processing and analysis of the data. Intra-individual variability is more difficult to assess because longitudinal data on study participants are limited. In general, data for infants seem to be limited and indicate an area where research may be needed to address uncertainty in the characterization of childhood exposures. Another population in need of additional study is pregnant and lactating women. Data for this potentially susceptible population in the EPA Exposure Factors Handbook: 2011 Edition have been limited to body weight, inhalation rates, and water intake. Data on other behaviors (e.g., food intake and time-activity patterns), if available, have not been compiled into one document. However, EPA is currently directing efforts to compile available exposure factors information for this potentially susceptible population. There were several factors that were common across all of the international resources examined. However, some resources included factors not included by others, including bioavailability, organ weights, and tissue volumes as in the Australian guidance, and/or energy expenditures, and intake of dietary supplements, as in the ExpoFacts database. Some of these data may be useful when conducting exposure assessments that use pharmacokinetic/pharmacodynamic modeling. Future editions of the EPA Exposure Factors Handbook may consider adding factors covered by some of the other international resources, but not currently covered by this US resource.
The EU country data are available in an online database. Recently, EPA has begun development of a web-based exposureassessment toolbox that will make the EPA Exposure Factors Handbook: 2011 Edition and related tools more accessible and easier to use. 2 The toolbox is being designed to provide organized links to a variety of information sources with a series of modules, each representing some aspect of the exposure-assessment process. Links will direct users to relevant databases, models, guidance documents, and reference materials. The exposure factors module will provide a complete list of all available exposure factors, organized by route of exposure. The following features will be provided for each factor:
Highlights and recommendations; Full bookmarked chapter of the US EPA Exposure Factors Handbook: 2011 Edition for easy navigation; Individual data tables in downloadable Excel spreadsheet format; List of references that may be accessed via EPA's Health and Environmental Research Online (HERO) database; and Links to relevant sources of related information.
Search capabilities will also be provided to allow users to identify relevant tables and sections of the EPA Exposure Factors Handbook: 2011 Edition by selecting key search terms from a userfriendly interface.
Further international standardization of methods for collecting and reporting exposure factors data would be beneficial. This does not imply the global standardization of exposure factors values. These should be selected based on the specific needs and objectives of the exposure assessment and the population of interest. However, developing and using common data-collection protocols will broaden the information base and allow for comparing and contrasting across geographic areas and populations. In addition, normalizing exposure factors by body weight will further enhance comparability across populations. Common study elements should include life-stage considerations, socioeconomic factors, food category definitions, statistical measures, and units of measure. EPA has suggested using standard childhood age groupings in its Guidance on Selecting Age Groups for Monitoring and Assessing Childhood Exposures to Environmental Contaminants. 20 Use of these age groups across data sets would improve the utility and comparability of data collected by more than one country. Information on data quality, uncertainty, and limitations is critical for the appropriate interpretation and use of the exposure factors data. Finally, utilization of an online database or toolbox framework could be used to facilitate the communication and dissemination of exposure factors information worldwide to support exposure and risk-assessment applications.
